Field observation and Aerial photography have been widely used for grasping seaweed growth. In recent years, the utilization of remote sensing is expected to grasp it. It can be observed in a wide area at once, but it is not used to grasp the situation of vegetation growth in the coastal zone. In this study, we investigated to measure the vegetated area of Ulva spp. in Yastsu tidal flat by UAV (Unmanned Aerial Vehicle) and satellite data. Therefore, the NDVI value was corrected for each observation day so as to match the value of the vegetated area at the field. Then, the relationship between the corrected value and the water depth of Yatsu tidal flat was examined. As a result, it was clearly confirmed that the NDVI correction value increases with increasing of water depth. From the result, it was shown that it is possible to grasp the vegetated area by Landsat 7/8 based on the modified NDVI.
INTRODUCTION
Wetlands, including tidal flats and seaweed beds, have been destroyed by numerous development projects. However, tidal flats and seaweed beds have roles such as water purification and maintenance of biodiversity, and their existence is regarded as important to sustainable development. Therefore, in order to understand the environment, it may be necessary to perform periodic monitoring.
In the past, field survey by divers has been carried out. However, it is not efficient because of the danger to the diver and the time and cost. Therefore, monitoring surveys using satellite data that can observe a wide area at once and UAV (Unmanned Aerial Vehicle) are focused. Remote sensing is used in various fields, but a method for grasping the growing condition of plants living in the water area has not been established yet.
In this study, we investigated to measure the vegetated area of Ulva spp. in Yastsu tidal flat by UAV (Unmanned Aerial Vehicle) and satellite data.
MATERIALS AND METHODS

Field observation site
Yatsu tidal flat is located in the deepest part of Tokyo Bay. We measured the vegetated area of Ulva spp. in Yatsu tidal flat based on the orthoimage which took data by UAV and the water level was measured by the water level gauge. The field surveys were conducted on 27 October, 4 November 2016 and on 7 May, 16 November 2017. The coverage rate of Ulva spp. was calculated by the orthoimage. The definition is as follows:
Coverage rate of Ulva spp.=(vegetated area of Ulva spp.)/(area of eastern Yatsu tidal flat)×100 An example of the created orthoimage is shown in Fig. 1 . The generated orthoimages were aligned with reference to the structures around Yatsu tidal flat in order to compare with the images observed from Landsat-7 / 8. 
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Where IR is near infrared reflectance and R is visible red reflectance. Also, the resolution of Landsat-7/8 is 30 m, the calculated NDVI is a representative value within a 30-meter square.
RESULTS AND DISCUSSION
3.1 Coverage of Ulva spp.
In the orthoimage created based on the image taken by UAV, the image was divided based on the condition of the mesh in Landsat. The coverage of Ulva spp. was calculated using a planimeter for each mesh. As a result, the coverage of Ulva spp. was around 80% from October to November 2016. The coverage decreased to 45% in May 2017 and it to be 0% in November 2017.
Estimation of water depth
We estimated the water depth of Yatsu tidal flat on the date of satellite data acquisition in 2016 from the relationship between Tokyo Bay average sea level (TP) and the actual water depth of Yatsu tidal flat in 2017. The time series data of tide level in Tokyo Bay (October and November 2017) is shown in Fig. 2 , and the measurement result of water depth in Yatsu tidal flat (October and November 2017) is shown in Fig. 3 . Fig. 4 . There is a phase difference between the depth change of Yatsu tidal flat and the change of tide level in Tokyo Bay. Therefore, we made an elliptic approximation by the least squares method (R2=0.45). The water depth of the Yatsu tidal flat was estimated from the tide level of Tokyo Bay using this result. The result is shown in Table 1 . From this result, the day of high tide has high estimated water depth and the day of low tide has low estimated water depth. However, the amount of change is getting smaller. The results of comparing the relationship between NDVI and the estimated water depth at the same point is shown in Fig. 5 to 8 . In all the results, the correlation between NDVI and estimated water depth is considered to be low because the slope of the approximate equation is very small. Therefore, the relationship between the difference in tide level and the NDVI is considered. In October 2016, when the tide level was low, all NDVI showed positive values. On the other hand, in November 2016, when the tide level was high, NDVI showed negative values in 90% or more of the vegetated area of Ulva spp.. Furthermore, in April 2017, positive values are shown at many points in the vegetated area of Ulva spp. This is very different from the growth situation confirmed by field observation. Here, the water depth was different on each observation day. However, there was no significant difference in the slope of the approximate equation. Estimated water depth (cm) Nov. 7, 2017) Therefore, the value of NDVI was corrected for each observation day so that the NDVI was matched to the observed coverage of Ulva spp.. The relationship between the correction value and the representative water depth of Yatsu tidal flat is shown in Fig. 9 . The representative water depth is the water depth at the place where the water level gauge was installed. From this result, the NDVI correction value increases with the increase in the estimated water depth（R2=0.99）. Therefore, the approximate equation for the NDVI correction value was obtained from this result.
Estimated water depth (cm)
Estimated water depth (cm) Estimated water depth (cm) modified NDVI=NDVI+(0.0155h-0.6358) where h is representative water depth in Yatsu tidal flat. Using this modified equation, we re-evaluated the coverage of Ulva spp. on each observation day. The result is shown in Table 2 . From these results, the modified NDVI showed a ratio close to that of the growing condition confirmed by the field observation on all the observation days when the growth of Ulva spp. was confirmed. From the result, it was shown that it is possible to grasp the vegetated area by Landsat 7/8 based on the modified NDVI considering the effect of water depth. Fig. 9 Relationship between estimated water depth and modified NDVI Table 2 Field observation and the calculation result of NDVI
CONCLUSIONS
In this study, in order to understand the growth condition of Ulva spp. in Yatsu tidal flat, it was examined using the water depth observation by the field, UAV and the satellite data. As a result, it is suggested that Landsat 7/8 could be used to grasp the growing condition of Ulva spp. by using the modified NDVI based on the estimated water depth in the Yatsu tidal flat.
